7/Thlioracic Ulit, ,St. Thomiass. Hospital, I olldol (RECIVi\'1) FOR PUBLICA110N NIARCH 13. 1952) The recognition of the tubercle as a feature of the morbid anatomy of pulmonary tuberculosis appears to date from the observations of Franciscus Deliboe Sylvius in 1679 (Webb, 1936 These observations were made at post-mortem examinations on advanced cases of phthisis: even so Bayle (1810) notes that the foci, which may be as large as chestnuts, are sometimes few in number. only two or three being present. Laennec (1819) comments on the rarity of finding ' encysted tubercles " in an otherwise healthy lung, and on the greater rarity of finding tubercles of any appreciable size before they have discharged their contents. In a later chapter, however, he discuLsses the not infrequent finding of chalky and pultaceous lesions, some as big as hazelnuts, which " cysts," he believed, were the consequences of healed tLiberculosis.
Virchow Pagel (1931) suggested that the persistent round focus was a large reinfective focus and was not a primary lesion, as there was no associated involvement of the glands.
In America Wessler and Jaches (1923) also recognized the round foctus and believed it represented incipient tuberculosis. In addition they ROUND TUBERCULOUS FOCI noticed cases with multiple round foci, suggestive of secondary deposits, but which were in fact tuberculous. Further reports of multiple round foci, proved or presumed tuberculous, followed (von Jacksch-Wartenhorst, 1927; Albert, 1931; Lachmann, 1931 ; Bruck, 1934; von Hecker and Kellner, 1929) .
The interest aroused by these earlier papers is reflected in numerous articles discussing the various features of round foci. Their origin and development, whether primary or reinfective foci, haematogenous or bronchogenic, their place in the natural history of phthisis, their innocence or deceit, are all considered at length (Straub, 1932; Klein and Wolff, 1934; Birkelo and Kasper, 1937; Uehlinger, 1939; Bobrowitz, 1943) .
More recently interest has been further intensified. The present wave of resection in pulmonary tuberculosis has given unparalleled opportunities for the more precise study of early phthisis. The radiological shadow becomes the pathological specimen. The round focus falls into this group, and we have taken advantage of this opportunity.
THE PRESENT STUDY Our material consists of 14 cases, all of which have been seen in the Thoracic Unit of St. Thomas's Hospital in the past five years. While most of the patients were living in the dispensary area of North Lambeth, our figures must not be taken as giving the true incidence of round foci.
Eight of the cases were operated on and the round focus resected. They are all reported. The remaining six were selected from some 20 unoperated cases.
The case reports are confined to the relevant findings. Measurements are taken from routine postero-anterior films or, where stated, from a tomographic section.
Interspaces refer to the spaces between the anterior parts of the ribs. Only dense areas are interpreted as calcification, such being the common practice. Erythrocyte sedimentation rate readings are all taken at the end of one hour, using a 200 mm. Westergren tube. Streptomycin is recorded as the total dose. In all such cases the routine was I g. of streptomycin and 20 g. of P.A.S. daily, given for six days of each week.
All of the specimens examined have microscopic sections stained by haematoxylin and eosin, by Van Gieson's method, by a modification of Foot's method for reticulin fibres, by the Ziehl-Neelsen method for tubercle bacilli, and by Gram's method for other organisms. By using the silver method for reticulin fibres it is possible to observe structure which has been conserved in dead tissue. This conservation of structure may also be seen in a ghostly way in haematoxylin-and-eosin-stained sections or by indirect illumination, but the mummified nature of the lesions to be described is not clear until silver impregnation is carried out. Gold toning improves the microscopic picture.
The specimens examined as above showed that the necrotic tissue which forms the core of most of the lesions presents three appearances. (1) An interlacing fibrous network encloses poorly defined giant cells. In some places the fibres are scanty and fine, in others they are coarse, abundant, and closely entwined. This is the ghost of tuberculous granulation tissue (Fig. 1). (2) First, the alveolar structure of the lung is conserved. The alveoli are packed with poorly outlined cells. The alveolar walls are not thickened (Fig. 2) . This is evidently the ghost of a bronchopneumonia. Fig.   3 is a section of normal lung impregnated in the same way for comparison. Secondly, the alveolar structure of the lung is conserved, but the walls of the alveoli are thickened by the addition of new fibrous structure and the mass within the alveoli is intersected with fine fibres (Fig. 4) . This is the ghost of a bronchopneumonia in which organization has been in progress. (3) The mass is completely amorphous without evidence of fibre structure or lining alveoli. Areas having this appearance have in our examples been sharply demarcated from areas of necrosis with conserved structure. There is no gradual shading from one into the other (Fig. 5) . Amorphous necrotic tissue has been seen generally well away from the edge of the lesion, sometimes quite in the centre of the necrotic areas. It has been found in both kinds of necrotic tissue having the conserved structure. Where the amorphous necrotic tissue has been eccentrically placed and in relation to a bronchus, liquefaction and evacuation into the bronchus has sometimes occurred (Fig. 6) . The conspicuous feature of those parts of the necrotic tissue which show no structure after silver impregnation has been the presence in them of acid-fast bacilli, in some cases in very large numbers. In a completely enclosed lesion it has been a remarkably constant feature that, in necrotic areas in which the structure is conserved, acid-fast bacilli are not demonstrable, or demonstrable only after long search, but, in amorphous necrotic areas in the same microscopic field, acid-fast bacilli are present in large numbers. This amorphous necrotic tissue evidently represents a stage intermediate between necrosis with conservation of structure and liquefaction (Fig. 7) . Gross examination of these areas was correlated with the microscopic findings. Those parts which are microscopically amorphous are slightly softer and more homogeneous than the peripheral parts in which the structure is conserved in the necrotic tissue. The colour is creamy yellow. It is typical caseous material. Those parts which are necrotic but which have their structure conserved are paler in colour and their fibrous structure is demonstrable by picking with the point of a knife.
CASE REPORTS Case J.-J.W., a coalman aged 44, was well until April, 1951, when, while at work, he felt a click in the left chest and coughed up a teaspoonful of blood. The radiograph showed a rounded lesion 2 cm. in diameter through the left ventricular shadow (Fig. 8) Silver impregnation of the necrotic mass showed conserved alveolar structure with patchy calcification. Structure of the pleura had been conserved. This had been greatly thickened by layer on layer of fibrous tissue. The periphery of the necrotic tissue consisted of two concentric laminae of interlacing fibres. In both layers calcification was present (cf. Fig. 32 April, 1950 . A radiograph showed an oval lesion in the first right interspace, I by 1.5 cm. It was of medium density, with a suggestion of calcification in the outer part. Sputum cultures were negative for M. tuberculosis. The E.S.R. was normal. The Mantoux reaction was 1/10,000 positive. In October she developed a trace of sputum which was positive for M. tuberculosis, and radiography showed that the whole lesion had enlarged to 2 cm. in diameter. The outer half showed well-marked calcification in its centre; the inner half showed a round 0.5 cm. translucency (Fig. 14) . She was treated with streptomycin (83 g.). FIG. 13 Sputum cleared rapidly and the last positive stomach-wash culture was on January 2, 1951. By March the focus was only 1.5 cm. in diameter. The change was most noticeable in the inner half, no cavitation being visible. Resection was decided upon, and a right upper lobectomy was performed on March 5, 1951, with uneventful convalescence (streptomycin 83 g.).
The upper lobe of the lung was examined. Beneath the pleura there was a well-circumscribed, ovoid lesion 1 cm. at its greatest diameter. There was a central yellow mass surrounded by pale and pigmented laminae of fibrous structure. At the blunt inner end of the ovoid the lesion was in communication with a subsegmental bronchus. Here there was some excavation of the caseous material (Fig. 6 ).
Sections were made from both ends of the ovoid lesion. That from the smaller outer end showed a zone of tuberculous granulation tissue surrounding a necrotic core formed of ghosts of alveoli filled with cells inside a dense capsule of fibrous tissue. The appearance of the blunt inner end was different. The ghost structure conserved in the necrotic area was that of alternating tuberculous granulation and lamellar fibrous tissue. An eccentric area of loss of structure was present. In this zone excavation had begun. But only an occasional polymorph was seen in a series of sections. Acid-fast bacilli were present only in the amorphous zone of necrotic tissue.
A A segment of lung was examined. Beneath the pleura were three nodules, the medial I cm., the middle 1 cm.. the lateral 2.0 cm. in diameter. The lateral mass had a protruding small tongue of tissue similar to the maiin mass. All the nodules were alike. Their centres were yellow with patchy black pigmentation. Thev were surrounded by a thin greyish capsule and the lung intervening between the nodules was collapsed and fibrous.
Microscopic examination showed that the thrce nodules consisted of a central zone of necrotic tissuLe surroUnded by a periphetal thin layer of fibrous tissule which contained lymphocytes and a few giant cells.
The structure was conserved in the necrotic tissue. but in each of the nodules the structure conserved was different. The medial nodule showed the ghost of a bronchopneumonia (Fig. 2 ). In one part there was a focal loss of structure in which acid-fast bacilli were present. The middle nodLile showed the ghost of an organizing pneumonil suLrrounded by muLch fibrous tissue (Fig. 4 ). There was a focal loss of structure in which acid-fast bacilli were present in large nuLmbers.
The lateral noduLle showed no alveolar structure. The ghost of an extensive granulation tissue mass was seen ( Fig. 1 ). (Fig. 20) , the main focus, 5 by 3 cm., showing a 3 by 2 cm. translucency. She was treated by streptomycin (42 g.). By April, 1951, the lesion wvas smaller and the cavity had " blocked'" (Fig. 21) . Resection was decided upon and performed on May 8 under streptomycin (a further total of 63 g.). The post-operative course was smooth apart from a slight fever for six weeks.
A segment of the left lung was examined. There was a large caseous mass, 3 cm. in diameter, associated with the segmental bronchus, which was deformed and apparently occluded by fibro-caseous tissue. The caseous mass was mottled with black pigment, and the central core surrounded by grey fibrous tissue. The adjacent lung was collapsed and contained many fibrocaseous foci.
Microscopic examination showed a central caseous amorphous mass surrounded by a broad zone of fibrocaseous tuberculous tissue. The adjacent lung contained many small fibro-caseous foci. Large numbers of acid-fast bacilli were present in the caseous material.
A "blocked" cavity in an area of fibro-caseous disease.
Case 9.-N.M., a housewife, was aged 28 in 1939 when she developed a small, left-sided pleural effusion. In January, 1941, radiography showed a rounded shadow, 1 cm. in diameter, underlying the first left costal cartilage. In October, 1943, her sputum was positive for M. tuberculosis, and radiography showed that in the place of the round focus noted nearly three years previously there was a 3 cm. round focus, with a small central translucency. Overlying the second left space was a new cluster of three or four round foci each about 1 cm. in diameter (Fig. 22) . By December, 1944, the focus had increased to 3.25 cm. She had had no treatment for her chest disease, nor was there any precise episode of illness or incapacity during the interval until the next radiograph in March, 1946 . This picture showed a decrease in the size and definition of the large focus (approximately 2 cm. in diameter). By December, 1947, the large focus could not be distinguished, the site showing linear streaking into the hilum only. The foci in the cluster were also smaller and harder with flecks of calcification (Fig. 23) .
Multiple round foci, developing after a pleural effusion. The largest focus clears after being 3 cm.
in diameter. December, 1948 . Radiography in January, 1,949, showed infiltration in both upper lobes. On the left it was above the first rib and mottled in character. On the right the disease was more extensive, extending down to the second space. A round 1 cm. focus was well seen in the first space, with a dense 0.5 cm. nucleus of calcification. Radiography in March, 1950, showed in the first right interspace a roundish lesion, apparently in close relation to the focus mentioned above. It was 2.5 cm. in diameter.
On the left side a new, small 0.75 cm. round focus was also visible in the first interspace. These changes were confirmed by tomograms in May, 1950 (Fig. 28) . This examination also showed additional round foci in both upper lobes. Pagel and Simmonds, 1942; Loesch, 1944) . In the second category are those lesions in which masses of tissue are sealed from the outset of the disease process and through the greater part of their life history show less tendency to undergo the extensive softening and cavitation which is the fate of many tuberculous lesions in the lung. These masses consist usually FIG. 28 of a central core of pneumonic consolidation or of a small conglomeration of hard tubercles about which are arranged laminae of tuberculous granulation tissue and of lamellar fibrous tissue in succession. These layers evidently represent successive phases of activity and relative quiescence in the life of the lesion as it gradually increases in size from within outwards. The secondary phenomena of pigmentation, especially in the lamellar fibrous tissue, and of calcification in the central focus and in the cellular layers make the laminated structure obvious to the naked eye. In our cases we found the greater part of the solid masses necrotic, but in two examples (Cases 3 and 4) a considerable amount of live tissue was present at the periphery of the lesions which were clearly in a state of active growth. In the greater part of the necrotic tissue the structure was found to be conserved. To the naked eye this tissue was creamcoloured and to the touch it preserved its elasticity. Small central parts of necrotic tissue were caseous, that is, they were light yellow, had the consistency of soft putty, and on microscopic examination no structure was seen to be conserved.
In all of the sections examined it was remarkable that tubercle bacilli were absent in those parts where the structure of the necrotic tissue was conserved, but that there were very many in the middle of the amorphous mass. The underlying basis of the transformation of necrotic tuberculous tissue through the stages of caseation and liquefaction are quite obscure. The matter has been discussed at some length by Rich (1944) . Neither infiltration by polymorphs nor secondary infection will serve to explain the changes, although the former must be of considerable importance when once excavation has taken place into the bronchus. (Biggart, 1936 converting it into a cul-de-sac (Fig. 17) , both on the distal and on the proximal side of the lesion. The bronchus is thus eccentrically placed in relation to the lesion and in Case 3 (Fig. 13) its position was almost tangential. In one case, however, the bronchus had a special relation to the centre of the lesion. This was in a satellite nodule 0.75 cm. in diameter (Case 6, Fig. 30 ). Here the central focus was evidently in the bronchus itself and in the surrounding lung alveoli resembling some of the lesions described by Klein and Wolff (1934) . The central nezrotic part of the focus had the structure of bronchus and of pulmonary artery well conserved (Fig. 31) formed by a fusio
The existence of concentric rings of calcification lobular cAseous pw in tuberculous lesions is said (Pagel, 1948a) aseous lymph glands related to reliance be placed, and in this iation is wanting. Nassau and recently described specimens tion which are probably similar Dund round solid foci both as ist-primary lesions, and it is proses represent both primary and ns.
have suggested that round foci e lung through the confluence of as of infiltration. The developjlomerates has been suggested by vation over several years (Galy, rest, 1948; Mahon and Forsee, pearances of the focus on tomod Hickey, 1949). Mahon and this lesion microscopically is n of small units of encapsulated neumonia. None of our cases ed such a formation. Gerhartz, adiological round focus in 1915, round foci, especially when esentative of tuberculous intrai nodes (Gerhartz, 1932 cluster of dense rounded shadows characteristic of gross hilar adenopathy is well known, but there does not seem to be any support for the contention that the more peripheral round foci are also glandular in origin. In our specimens the central ghost-like area of pneumonia has been a small one (less than 1 cm. in diameter). However, larger areas of tuberculous consolidation may be encapsulated. For example, primary foci may be, as Kuss noted (1898), "as large as a hazel nut," or even as big as a tangerine (Pagel, 1948b (Fig. 33) (Fig. 35) . The three largest were respectively 3.5 cm., 2 cm., and 2 cm. in diameter. These lesions all presented a similar appearance. A central yellow, somewhat gelatinous mass was surrounded by a thin zone of greyish fibrous tissue which demarcated it from the surrounding lung. There was no excavation of the lesions. The branches of the segmental bronchus were caseous.
One tiny (0.5 cm. in diameter) lesion, which was of a different kind, was present just beneath the pleura. It was very dense, sharply encapsulated, and greyish. Microscopically this tiny lesion was a small necrotic mass in which the alveolar structure was remarkably well conserved. It was encapsulated by fibrous tissue.
The larger lesions showed appearances common to all of them. The central mass was necrotic and no alveolar or fibrillar structure was conserved except in a thin rim at the periphery. Here the alveolar structure was partly conserved. The amorphous central substance was diffusely infiltrated with polymorphs. Acid-fast bacilli were scanty. The peripheral zone of each lesion was a thin one formed of active tuberculous granulation tissue.
The relation of the massive consolidation to the smaller subpleural fozus (probably the primary focus) is of interest but out of place in the present discussion. There is no doubt, however, that towards the end of 1950 A.H. developed tuberculous pneumonia, which instead of resolving or contracting with scar tissue, or instead of rapid Epread, remained fairly static for some months, undergoing caseation and in the greater part becoming encapsulated. Apart from the active tuberculous bronchitis and the neighbouring pneumonic disease it is probable, though undetermined, that such encapsulated foci are unsatisfactory and dangerous. The extensive softening with absence of alveolar structure suggests that it is this formation of a round focus that leads to rupture like a co!d abscess and flooding of the bronchi with its cire consequences. This lesion would appear to be similar to the " unripe tuberculoma " as described by Mahon and Forsee (1950, their Case 2). But we believe that this development is different to those described above in our second category. The large area of pneumonia at the onset rather than growth from a smaller focus, and the rapid destruction of structure with liquefaction, are very different from the slow and indolent growth of the laminated round focus.
Occasionally a massive area of consolidation becomes rounded off and encysted. These apparently solitary tumours resemble large intrathoracic growths. Several such " tuberculomata " are described in the literature, producing venous obstruction, phrenic paralysis, Horner's syndrome, or even tracheal compression (Norrie, Vivoli, and Rey, 1936; Maurer-Mast and Franklin, 1941) . We have not seen such gross examples.
We do not intend to discuss at length the formation and development of blocked cavities. Their behaviour must be influenced by many factors, including the nature of the cavity itself and the accompanying tuberculous disease of bronchus and lung. The treachery of such blocked cavities is well known, but they are also a method of healing. Their development is a frequent occurrence in the lung under a pneumothorax, and we believe has usually a fax ourable outcome, as in Case 12.
The natural history of the second type of round focus will be considered in more detail. It is usual when describing round foci to infer or to define that they must be of a certain size to be significant. Culver, Concannon, and MacManus (1950) They may multiply. It is recognized that a solitary round focus when it comes to detailed examination often shows several outlying and neighbourhood foci. These lesions may be at some distance from the main focus, and can sometimes be recognized by efficient radiology. Larger multiple round foci, easily detected on routine radiography, are, however, by no means rare. They may be confined to one segment or lobe (Case 9) or may be bilateral (Case 13). They may be present at first examination or may reproduce at intervals over years (Case 5). TheiF behaviour may be independent of each other, some growing while others heal. Occasionally their development may be entirely different. In Case 6 the smaller lesion is a blocked cavity while the larger growing lesion is a laminated focus.
They may involve the bronchus. This relation has already been discussed above.
They may cavitate. This development is well known. Many workers hold that this is almost inevitable in foci of any size. This view would at times appear to be an impression based on the cases that have gone wrong-rather than a considered opinion based on a study of a large series. Several of our foci showed on radiography small central irregular areas of translucency. Most of these were undoubted air-containing cavities, but in Case 3, following resection, no cavity could be demonstrated. The centre of the lesion contained a milky fluid, and it is possible that the radiological appearances were due to an altered consistency of the centre in contrast to the bulk of the lesion. Whether this change is a prelude to intrabronchial rupture can only be conjectured, but for the present it would seem wise to accept it as an unfavourable sign. The cavities at their start commonly show radiologically the irregular thick walls with scalloped inner margins that by some are said to be characteristic of new growth (Culver and others, 1950 Tuberculomata have been found in many organs of the body. As already mentioned, their nature is sometimes identical with some of those found in the lung. Such visceral granulomata are presumably most often secondary to a primary pulmonary infection. The lung disease, however, in such cases does not seem to react in the same way. There does not appear to be any relation between the occurrence of round foci in the lung and the development of tuberculomata in other organs.
The possible developments of a focus whose nature has been reasonably assessed are known. The frequency of such phases in the natural history of these foci is unknown. Clinical impressions that cavitation is a frequent and disastrous occurrence, or that round foci as a class are innocent and benign, are inadequate and often misleading evidence on which to base a reliable forecast of the group as a whole. A careful prolonged observation of all types and sizes of round foci is required. Oleneva (1946) , in a series of 50 cases observed from one to 10 years, found tubercle bacilli at some stage in 56 %.
A considerable number showed extensive spread; resolution was rare and prognosis serious. Bobrowitz (1943) These views point the varying opinions on the life of these foci. It will be clear that when we are considering the probable development of a hitherto static focus that we are guessing on the unknown. It is the unpredictable alteration in a focus that has been dormant for sometimes many years that has earned these foci their treacherous reputation. It is important that the incidence of unfavourable developments is not exaggerated.
There are in many cases signs of instability that should not be overlooked. A recently developed or growing active focus will require careful watching. The irregular central translucencies suggestive of cavitation are clearly important: but may only be detected on tomography. Kerley (1951b) remarks on the loss of definition of the outer border as a danger sign. Blurred edges of these foci are, however, common in routine posteroanterior films, especially if the focus is toward the periphery of the lung field. Again, if the focus is behind the breast shadow or towards the hilum or if it is anterior, then the lesion may be indistinct and indefinite. On tomography the focus is usually clear-cut. We do not attribute any special significance to a lobulated focus, but the presence of a " pseudopodium " down towards the hilum " along the bronchus" is probably important and may indicate localized bronchial disease.
Calcification is a frequent finding in healed tuberculosis. A densely calcified lesion may, however, still show occasional giant-cell systems in its environs (Haight and Farris, 1939) , and calcification to a considerable degree may be found in a growing lesion (Case 2). Calcification in one half of a round focus may be associated with liquefaction and cavitation in the other (Case 4). A healing, calcifying focus may be adjacent to an active, growing focus (Case 13). It is clear, therefore, that calcification must be very carefully assessed. At the present time we believe, however, that heavily calcified foci are likely to be innocent in their behaviour and their removal may be hazardous (Culver and others, 1950) .
A positive bacillary finding in the absence of any other focus is clearly significant, as is also a raised E.S.R.
A round focus which has recently developed by the encapsulation of a large area of consolidation is probably a greater risk than the more common type described above. To-day, 100 years later, there are still many features of their development which are not altogether understood. Unbiased observation and well-recorded experience will help to define our knowledge.
CONCLUSIONS
In our experience there are two types of round tuberculous foci, the laminated focus and the blocked cavity.
Having considered the nature and development of these foci, we believe that their treacherous reputation is due largely to our imperfect and uncertain knowledge of their natural history. We list the known behaviour patterns of these foci, but emphasize that their relative frequencies are unknown.
Much more extensive and accurate observation is necessary before their treatment can be based on sound premises.
